(19)B;4:B4»fflPif (J P) 02} & H it# 1^ ^ S ^A) (11)#81'UH&BI»^ 

#132002 -231656 
(P2002-231656A) 
(43)4«BH V«14^8^16B(2002.8.16) 



©DlntCL' 
HOIL 21/285 

21/3205 

21/768 

27/108 



301 



F I 

HOIL 21/285 



21/^ 
21/90 
27/10 



OL 



30 IZ 
M 
C 

62 IC 

i± 17 H) 



C 4M104 
5F033 
5F083 





4»R2001 -2438g( P2001 -24389) 


(71)fflBA 


000005108 












¥^13¥ 1 M31 Q (2001. 1. 31) 










(72)%i»# 
























(72)»M« 


IBS 






















(74) A 


100080001 



















(54) [36mo>^»i ¥^m4m»M!mm<o9mm 

^ c V Dstc i -? T?^«-r s . 



m 





1400 




1200 




1000 


1 


aoo 




600 








400 




200 




0 



!(2) 002-231656 (P2002-L56 



ft. 

iz. ( a ) 4iSI#:«KS-^Ml^tlRillLfc^. fTie^^ 

mwmm.coig^t:mmcois^^ t'±#§ -tt^^ 1 c7)xg 

. ( b ) l}l|iejSmi*|{cM«S:fltf& LT H?ffe¥»*« 
«Lhlc:;l-r-'?A|g?:ma<0lSJ?-C»^'f-6IS2<0Xe 

i: . ( c ) mmf4c7)mi^i:w±i.xim^imwm 
mmmmf^^com'im:^:^<mm^. mmi. m2 

#HSv«0fl:^5sffil«ftft(c: i ^X. ^WmL±.^z-^ 

(a) ^wmLtimmf^izmkLt^m. Kr^^^f* 

( b ) mi^^\^t,zmmimkLxmwmwmwL±. 

{,Z)l'7--^J:>^m^mm<:r>^W-X'mm-h W. 2 c^XS i: . 

( c ) mmn<r)mi^^w±Lxmm^mwmL<^^^ 
i?ii*ft. 

cts«^5 ] Bfriess2oxs{:iJv^T , t-ne^Mp^ 

<^mm^S.ti^O . 1 T o r r JilTlc:^-S J: o fcrnflfigs-ft 

[|i*5S6 ] B«ieil2 tfOXStlJSV^T . HUie^^P*!! 
(Tmm^mii^ 0. STorrOTtc^rSio mflSK-fb 



mmzmm Lftmmm^m^ msm 2 crtumza \. > 
X. mwrnssm^ffMrn^m^o . 1 to r totic^ 

^wmi<nmm<m.mgmm.i:mm^izii?m^j:m' 
m.i,z-thJinb . 

mimsmH<r>ms^^m¥o . 1 t o r r j: 

a {cmriEl?-fl:tt;e^x t t Sr«t*& L . tifS^j^ 

«:««0^ffl(7)K3g®«»S:ii;»C§^i:SXS t t 
-C=Jfo^i:(cJ:Os i.^i:Sr^tS!:t-r 
Si•*«i. 2ife{43iSe<^>i|i«*^SS^<0i? 

mmzmm Lftmmm^m\^hmm2<ni.mzi6\y 

X . Hfna^MMf^OS!S4i-E*^' 0 . 5 T o r r UlTic;^ 

^L. mi^ww^<^mm<m.mtMm.^mm^m\,z 

llfie«MMrtc7)K«*ffi*^ 0 . 5 T o r r m±fc^-l. J: 
[1*^:^9] msiM2<r>JLmzi5\.^X. MVtzmm 

m^umt h z b^nwLt-t hm^i . 2, 3, 
[if 1 0 ] msM 1 oxstcfci . mrie^tm 

P^c^^^mn'^ 0 . 5 T o r r JilTK^S i: 5 iCHuieS? 
'ffctt^xi:5F«tt;irx i: S-^l^-f & t K i 0 . ffiflBII 

t.tdi3^(7i^wmm^m.<rm^[im. 

(i^^a^y^i^jiz:.)^) [Ru (CgHs) 

[Ru (CH3C6H4) 2] , fc'J:^ (x.^jUi^^U'^y^ 
yx-yp) yp-x-i^A [Ru (C2H5C5H4)2] . h 
U (i^'e.'N'n-f;l'^;$'-^h) yl^r-'^A [Ru (CuH 
1902)3] , Ru (OD) 3<7)4'*»(S>Stftl7ti!'-*<i: 

t:it3smmmtmmm^m.<7im^-:m, 
im'^m 1 2 ] mi^wwi^-^j^it^trmm-r^ 

2-rD>'NV-;P. ^ y7'f-;PT;Prj-;K i-T'rJ'y 
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\.wm 1 3 ] ^vr=^^j^Kc^^mnii^hm. 

je$rfflI*J-r«.aK<is 8 0 0 'CaTX'hh^ t t 
mmtii. 3 0nmlJUi. 6 0 nmJJilTTfcSC: i: 



[fi^JS 2 0 ] ffle^vgtt;{f>?-{i, N2 . He, A 
r . N e , X e cOtt>*> hmmtz'M^j: < i: t 1 a*»<ot8 

[000 1] 

•^S:Mi^i:-rS^^W§?ffi«:R (Chemical Vapor Dep 
osition;CVD) StCioT, iS^^c^^vs-i^^'tfO;!^ 

m.<^>m&i.zmm Lx^^^simi/zm'th , 

[00021 

CS!5R<7)^$g] DRAM (Dynamic Random Access Memor 

y)«, M1lRVy>'Jx-?hZlx\izW^^ixfzmimm 

^mwmu±.^z^v'}9::^mzmm.Lxm^-th. 
^^^^i^-^ <^mvMM.(rynmmWi$i^x'h . ^<ntz 

tbcTytmt LX. mti£. !»P¥6-24 4 3 64-^i& 

[0003] ±ie^?g-c{i, TSsmfigic^ss^i^'j 3 y 

TazOstCjf^T^m^-C&^^t:*^, ±i^<D^^'^^>' 
^mm^mHi&TVX t* a . Taj Oj^SrifcO®! 
-fti%i^l:#:{±. -ecTJll^WWttiolicOTtii^tc, ^-=5r< t 

1 3 0 o'CA>A> 7 0 o'ccomm^'omim.mm^co'^m 
^'^mmmi)^iiimx'hi>. ^<7)m. i^'j^ymimit 

ON) i,z^htiMz. ^^^•^i^^mmMMifi^^izm^- 
[0004] -e^-c, rmmmtmt lx. ism^^m 
^mij^m^^tLXhmm^i^-y/i^y^-'yj^ (ru > 

■i U 'J^M. ( I r ) Srffllr-iSM I M(Metal Insulator M 

etal)«jt*^'«lrf$ixTV^I.. icOM I M«jt{±. ^ 

i: <D^miziSimmmmAW^ § ^t^v . 

ix<i><^^JS<?)4'-Ct, ig«llt6lo:mcffitlSRu(4, i?^ 
[0005] 

l^mtl'mmLJiOt-rhWSim] 2 5 6Mt'>yhDRA 

1 G t' h D R A M<7) J: 5 =5r:*c^a^f4cft«llIgS 
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t^iiiit'^mfS^^^ (Chemical Vapor Deposition; CV 

D) m^zxhRummcDm^im^mtttz, wtt- 
[0006] mami.ifi^^^' u 3 >'i?fl:is*(c-e<^ 

[0 0 0 7] ^-r. ^^ftv-K^^- (Po I y-S i ) 
*>^^rSr9^^1 mttiMit^^^ (TIN) 

(C, ^ttfi^U3i'S!'(bM*»^,^SKJ91000nm<^ 
^A'>'N->-:?a5JBSi^ffil3$rif«^«. (016 

(a) ) , 

[0008] ±fmmT=7^ ( y"9^i tj<j:t^^N*y r^i 

19) {±, wpL^\'^mmh^yi^'xi$><7)mmb^-r 

T^^KTJiggWN'UrSl 9J±, TSPRuttSii: 

Mzi^mx'hi>. 

[00 0 9] mz. m^<r>y^h*jvy^y^mtv^ 
^mam^nmm. mFimmh^\'^immt^&J:di,z 

■rS (01 6(b)). 

[0010] mz. ±m^8mzmmi^3 0 nmcoR 

(C5H4C2H5) 2$:S^i:-rSCVD&{C<t-?-Clta 
(016 (c) ) . 

[00 11] mz. rnKf-^o^^^^i^^mmmiiz-i^ 
m-?>rzMz. ^^''^'>i^ummmtm(o±mizmm 

Ztl,zJ:<0. mi8\Hiz±immi:n^T^Rn^m4 

tmm^ti^ (016(d)). 

[00 1 21 »:t:. mUmit'^y'Sffl^ (TajOs) 
^>^rSllff 1 0 n m<0S^mi»5 &C VDSfetcJ: 

imt h.m\^x. 4 0 0 °c- 7 0 0 -cco^^Lsajas 

16(e)). 

[0013] \:xt<^-nmx'mm.^titz^^^^-^9\izr)\,\ 
X. ymRnmmAtmiv^yi^xsf biw^-thn. 

fz. tfc. ^^^^•^i^^(r)±^mMei,z+ iv(r>mEE^:BP 



n^hij^-^fc. mismm'f'msm (tem) st^v^-c. # 

y<y TJi 1 9 1 co^mizm^t^i^ >- ( T l ) i: ^.i? 
hubijm^fz. im<7)rci^. TSPRu«ffi4^jgjigL 

:^Si(016 (d)l^) , l§J^*!g(Ta205lS) 5 

5r)^«-r S ^ i: ^ < ^vgffi;<f Xl^H^tf -e 5 0 0 . 1 

iim<^mtmimLtii}i. z^m^xtmrncmmT-^ 

't^^tizxmmt^^^-'^fc, xmrnmrnx-m^fz 
^s, Rum^i,zn^-r^\^-:^m\-i>z. noi^zm 

S h - ^ i: R u O 2 tcffl t - 7 1 

u ffiBS4 4»tc:*3-r*Hc:-^W-r SB!SI*5>'N''J Til 9 SrKfl; 
L7t]SiaT'«>-i.i:#i.^ixS. ^7t, RuMtOl^iC^ 

[00 14] i^t<TEMj^^*3&>/i>, ^mm 

(TaaOsffi) 5<D^^l:ia3«Mf^lCTg5Ruffiflg 

0 n m<r>± ^ $ cOJSB^BStT'DadicO::*:^ ^M^^^Tib -> 
;t*«. TazOsKSrCVDSt^ioTJg^L. 6 5 0^: 

R u «fii4 fzib b f-mx'^ t . 

[0015] *^B8<oae<rti, i§*^irs*>'ffi< , 

^tt<?D^v%R umffiS: C VD&{: J: -5-CJ^«-rSS»ffSr 
[0016] :*:^BJ<7)BfnB^'^mc-5-cOfl!5C7)gWi:fr« 

=5r!tsj<4, :^Mmm<r)9miyiix/mnmmA^ii>mi^iHz 

[00 17] 

[na^w^-rsT^ci^o^s] ^latctjv^Tig^sixs 

[0018] 2|s5gB8#<^{4, i-r, Rulg(t'«i9g^r* 
»^M'?>-fCVD^<?)«lWS-tT-?/i. CVDJl^-CJbS 

;Pi^:7o'<.>'^'i;=x-;^) /Pf-'^A [Ru (C5H4C 
2H6)2]. Ru (OD) 3i:Mia-C'SI*«0t'x (S/^a 
^;^^'i;'xx;P) ;l^f--'>A [Ru (CsHb) 2] . b* 
X (p<^;l/-v'i5'D'^>':J'vx::i;P) tUf—'^J* [Ru 
(CH3C5H4)2] . H'J (>''tr>'N'n^;l^^:J'-f h) 71^ 
X-'>A[Ru (CijHigOa) 3] 

i:iiimb-rhmWii}<hhfzib. iif^< i: t) 2 0 O-CJjLh 

(^m^nmmzm^tih. 
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{00 19] ttz. ^^B^iyit. CVDfigMilgtciJ 
^rv U a izim Lt: . llf*:M^sf<;0«^. 5 0 °C~ 1 0 0 

^n^twHiBiiuc. m^coiamb^A- OT/fxmtiz 

1 X 1 O-SBol/ainJJLht^Jffll-C^ JR«cS^StfcOV% 

•c«, i5 0'cmmz^mLti%-imx'%-itt. 

{i. M^<7)^JgS:R6<X'a6l:. 1 5 0'CJjUi*>oM«<7) 

^m&miTiz^nLx V . 

[0020] ^^^Bj^-oJi:. ««^fi^Sl*ItwJ^f*tc 

^ummiz±^-t?>tv(7):^xmxm. mmmi^iimi^ 

m<7)^im^X-^VT (TDS ) -K-fbM^ 

(CO) . m^(Oi) . * (HjO) io«?a}»*»/oWfffi 

tTto CVDM^^tLTRu (C5H4C2H5) aSrfflV-* 
•ceiW Li^c P tr R u i: copg^ 

5<7)Vi^tri*>^>Pi^t8fcti:i67t. {£)^jaK<i2 5 

*i3 0nmlc^rSJ:otcpSL/i. iJt, ^ffiM (^a- 

H) *>^N2df^Ur;<fXS:3|;At!t. i^vi. 
S>'<;PyK J: o T f-A" WN'P«J<0E^J 5: 5 T o r r (CjOffll 

KxmMX't^mx'hi. 

[0021] tm<r>mm. 02/fx<7)mx^mmmxm 

immm^ ( 1 Oi'atom/ciD^ ) tJlTt:Mii'-T'§ ?. C i: 5: 

j.fiiL^c (05) . mmmi^mizm-mi:^'xi:mxLrc 
^{ui^}^2) ^zwm^^&t/tmi^tfmii. ^ 

ifimx.-tht:}^b^z.(:>tih. m.nw^WMk<m.im 

/fxmx (Uv-trS ) {i, Rulii5:2 5 O-CT'i^^H 

[0022] -IT. m^f^<Dmsmi^mi:^it^^tzi^ 



<Ji:Ruil4'0-§5-^-g?*fitMi!'^-ri.Ct*^^Jo7t. H 

•/ h ) Sr^^L/i. ^e^l&***5 0 0 s c c m ( l^i/'tT 
5 ) C0i§^, 3 0 0X;JilT-C0 . 4 e V<7)Jgttflix;t>;l^ 

2 0 s c c mtJitJtJl^ ( W'v'tr4 ) , 1 . 4 e V 

ratani et.al.. Proceeding in VLSI Tech. 2000 pl02j 
T-fg^SnTV^saO, Ru (CSH4C2H5) 2^5: ifo 

&i,zmm^tLX\'^^. m^Wi^».t^^\>^ ( 5 o o s c c 

*iRu)K4'{cS#L. ^ft+tCRuffiSrH-fk-r^ 
b^x.ti>il&. —-a. Wm^ii^2 0 s c cmcOJ© 

Kt-hfdsb. RnW^r^(nmXJfi'}^ti:\^b^ x.hfLh . 

:*c-ri.^c*^. g^rt^«ORuJg^t::toT*fiJTS>§, 
»*IB=5r«irtcOM«, JjgM^rtOS!*di-ff*«0 . 1 To r 

Z b -CWMeO Rum mmX'^ . 

[00231 ±M<nmmmi, c voatc i -^r r u 

Ymi:mm.Lx%>mtx'hh, mtMx^-^-y^'jyym 

\,Zir>xmi3 (b) <?5flli§JbtC2 0nmeDlUf<ORu 

m^^-fhb. mi^^M^iZl nm~2 nmCORui^ 

-YM^m^x'^h, Rui^-Y^mcommi, ^^ot^co 
cwDwimi<'^nh^mi^^>sbm^x'^htzib. ^> 

^:i.<-i^Byt^m^m!f^^h:ibt)'iX'^h. Rui^ 

- vm^m^ L/sj#^(cov , mmmxm b mm^^ 
M.b<^m^^w<-tzm^im5<r)\^i^\:e. 7, st:^ 
Lit, mmmm<,zOi0xim-xLt:.Wr^ 

6) , Ru>'-Fil*i^l'>il-^ (l^>-f2) fcifciSLT 
t,Ru|S4'iOB!*#*»**ii:*ct;t. :itl\t. Ryxiy- 

vmimmwm\-cmit^ixhit»>b^thixh, w!t 

'&A'x<mx'^m.fJmxm^zm->tim^ (i^i^trs) \,z 

iSV^T, Ru)14'£0l!fgaSr<^ail®# ( 1 O»*atoiii/c 

) lilT(c«^^T-§ i. i i: S: J.* Lf^ . 
[0024] *||^<5>{iS 

!||lSr^Jitc^)» LJt#S?j[1^5rffl V ^^v: C V D ^ffi*^ 
i^LTt. T^h^t H077>' (THF) iSiKlCO. Imo 
l/l<0«STRu (C5H4C2H5) 2S:^»P$-|ir^#«?M 

VDJiaSrfflViT. #S?ll^Sr5sccmfi0l— hT* 

/c. \5oxi^z^nLfzm^X'%\tvtzmz. N^df 
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THF:/!fX (6X1 O-^mol/min) <7>m 
*&i{il300sccmtCffii-rS. fi!oT. fiSMSl*! 

S{i2 9 0°Cf^>S. 

[00251 PIB=3r«!lt<^«. ^issmn<ryimiitE^ 

0. 5Tor rJ,:JlTt;=5:SJ:d{=g!^fl^*^«fcN2^-x 
«*&»i:THF;yxflfc*&»i: ^l^-^ixtf iv^^ t ^i^ij 
o^. m;<fx?r3|;A-ri.c:i:-eig3RO»R«IiiiiR«?3f 
s^ffi< jrpi-^i t*^'t:'# ^coT\ MattcojST't^rfij 

^AB*(:RSoit:^-^ (L-i^b-g) Icfcv^T, Ru)K4><?^ 
KSIi&tJiffiRR* ( 1 Oi*atoiii/cin2) JaTfc:SiJ^'CS=S 

i^b-1 0) lco>,^-CtlRl«<OSft*$:5|l2tTV^.|>. 
[ 0 0 2 6 1 liLhTJi, CVDJiCJptt LTRu (C5H4 
C2H6) 2$:ft«$-1i-TSiHBLfv:*-\ Ru (CsHiCjH 
6)2mm:i>Ru (OD) 3^Mia-CE<*:<^Ru (CH3 

C5H4) 2. Ru (C5H5) 2, Ru (C11H19O2) 3^- 

~'^Mt-^tmi^'nm^-^ij'^iz-:>\,^xi±. mm^^T 

HFizm^-f. :>i-S'J-)V. X^'y-zU. rov^V — 

WH:^« r-fehV. ^-^^^^ s^x 
f-zUx-T^;!^. i^'p<^;WX-T-;l^^fc'-Ctl5l«c0SJ«S: 

S:ii:«>Jt. i^T-. Ru (OD)3J?»Ru (C,iHi9 

O2 ) 3=5rt'c0^rfil^'t'{c®S$:^ts"fb^(C'5V^-C 

L. f*iN-STI5RumS<0#fcSi«(cJ:oTi5^*>fc:-^ 

t.fLh^imii-rhzttii^^xhh , 

[0027] tLhTIi, C VDM^(7)^»tcS!« 
(Oj) $rfflV^7t*»\ N2O, H2O. NO2. Oa^t'cO 

a^^cll«^^it'^•C'e<7)eti|i&»S^^^D;cl.^^^S*f^>-5^:. N 



tih. tfi. ±sicomx^i. ^mii^:^tLxm.m (n 

2> t&fflV-'fcA^ «;y;^TibSHe, Ar, Ne, Xe 

[0028] mJb-C^ R u IS4't=iS^Sr?lA§-*^ 
v^:^{i, !|ttc/N*'jrJi±lcTgl5Rum®^J^fiS-ri.J@ 

-^ti*5!)=6r*&-cfci. . ^mmi*^m±izmmi-i±mm 
ma, immi*ifS0m7timif^t:i>biz. li^s 

[0029] <J:tc. *^Hj#^>(i. Ru}^c7)ll!«8iSfic# 
tt?:ig^. J^figSa^fifiOTSSRumfigJl, 
1 0 nmTISII:6-I«iIlC*«>3 0 nmiOSSS-Jtonftttc^) 

t^^an<r):k^^ii3 0nma±.tzmt-r^. ^ZX\ T 
ai20im^m^'ti>mi>zT^Rummi:m&mLx, ^ 

[ 0 0 3 0 ] 09 tc, ^vStt#ffl^4'«0^Siagi: R 
ulS<^)afJKi:(^ra^$^^^. RuMJi. THF}§li{cR 

u (C5H4C2H5) ttrmmLfzw^mmm^K ms 
ii. xm^^jmizja-^xm^Lfz. agicti, j<vt 
mm Ltzm'^(r)^ss^'itti^-^ti-^ti^ ^tix\^h. Ru 

MfiOJg^lSf* (mm^^2 9 0'C) co^mt. 9.7 s 
/cm^ (TaNMil) t8. 8g/cm2 (v-UnvS!^ 

xhhtiK mm^a±<ommiSi&x'mmAm 

:'cL, 4 0 0'Cm±T'-^ttlO. 5 g/cm^fc^ir^C: 

coo3i]iaio{i, ^•iS^wwn.'pcoBMm^t 

oTRuKSrJ^^L, RuK<7)Bf®TEMiS^m*>^> 
Rum<otS^<7y^^ S S-aiSLst, miSf*<?)tSS^ 

OnmgjgT. L*»L, 

MizL. 4 0 0X:T3 OnmJjLh, 6 0nmiaT<OT% 

n^^^i^mzmo^itt^m-otz. tfz. ^tii^xt 

<r>mi ( 4 0 O'C—S 0 O-C) T^-fb&^^^jfL^V^.! i: 

[003 2101 Hi. mmmi^mzTaiO^mi, ± 
«Maiic+ivMD) b. TURnmmBmk(^mt$m 

i^bnm^t:7iiVtii>cr>Xhh. TatO^mi. Ta 
(OC2H5 ) si: 02i:SrJS^jy;?.i: LT4 0 0'C~4 5 
OX^fiOiaST-JK^L!^. Miltil Onmt-S)^. Ta^ 
O^m^rm^Lti^. S3g*T6 5 OX:<7)|gafl3!W!MI 

?-j6t. $^>^I6oo•c<7)g?'^L^^^la5r^T'>7t. 01 1 
- R u m(^mmi^miLt<r>mm^'^ ozbizj:-:, 

X , 'J ^ . -5- LT . 4 0 0 



• * 
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tz, CKOitemii. ^9i3Xr/mioi,z^i-^olz. Ru 

[00331 \;)±<7Mmi, Ttm^^<v rm^i^ u n 

'ymcmThhMZX(>^j:\^, ^tl. Ru (CgHtCa 
H5) 2iai'Mc:t>Ru (OD) s^MST'lIfrcORu (C 

H3C5H4) 2. Ru (C5H5) 2. Ru (CiiHigOz) 

— x^'y-zU, 1-7*o^\V-;K 2-7*n/sV- 

■^T't |3I«c7)??6^$-5i|2L^v:, 
[0 0 34] JiUi^i:*^Si:. C VDffi-eRuJ^^f* 

mm'.zn t -cfsfe^^ttcosv ^R u m^mmx'^ hzt 

a^. Ru«4'tfO-^^e*lc<J:i./N-'jr)KcoS!^b5rai$iJ-r 
[00 3 5] 

[0036] (mmcojm 1 ) ^igjioj^wcji. mi 
mm^m^^tzcvDrntz-ov^x. TgPRu«fls^^^c7) 

m^-ti.. mnzmm.m^i:7ikLfz. mmttxRu 

(C5H4C2H5) 25rTHFj^tcO. lmol/l<?Dai 
<^*)X'$>t, ?K#:v;^70-3>bo-^ (MFC) 
B.. mitth. ^LX. im-fbL^cRu (C5H4C2H5) 

fi^M^ (^A'>'yN') {Drnx-mim^xx-h^mm 

(O2) 

T'ail!?ii$ix/c'>xy\±{cfltj^$n&. ^fmf^cO^^X 
<7)^mm&ta(JSmf^<^S:fj^^i:-^lz-thi::if>iz. 

m.m^<yyx^xi^mmx'mikLf^. ^:^x(r)mt^& 



[0037] '^x^N (ms.) im^^x'^mizmk 

b-^'fcJ:oT4^i-S*>»tT'>xyNiaK$-2 9 0*C 

5 0 s c c m, Ni/<i^yx/fX^M.i 2 5 0 s c c m 

2r5To r r(C$IJ^L7t. #lSf*, SsccmCOL—h 
TmiS^«0«^$:Mji&L, Pl^tcKSS: 5 0 s c c m 
(^I'-hTmittt:. Zcnt^. 1300sccm{Cffi 
m-ttTHF^X(7mi^ (6X1 0-2mo 1 /m i n ) 

:>y;^8fE*<±2 50 s c cmiOti-C, Nz^^OT:^X 
<0U— h$-6 50sc cmtcM^-$-li-SC:i:{c:J:0. iE 

m^lc-'^iz-ti>Zti)<X'^fz. i£m«?5BE*«5T 
o r rC7)^^-^-C'*)§. 3 0nmcORulKSr^M*, 

mm.mbm^ifx<7)mi^^w±L. n^^^vt^x 

Wti: 1 1 5 0 s c c mfciKL/c. N2J'<^yX:ffxm 
&ii2 5 0 s c cmcr)**-^T'$>&. C:<?5^«-C2:5J- 
m^Ltimz. '!7X>'\$rj^aiL;t, ^-46, -^xyNifc 

R u Ym^m^ Lti^. !^mmii!mm-(^w±^ 
[0038] ±iii^—yyxi±. T^RummcomfH^ 

tz. mmmcr>m^'^zi:&<-rh^i>mmx'hh. ru 
s.tizX':>xm^^ti^mm^'m&i,zim-r?>. it 
awT^mmcoTx^^ hitizx-ox^^ffxm^Mi 

[0039] m±.(Oi^—>-yxtzx *) . mm^^&i)<T 

<o^j:*'^T^Rummim^x'^h. tfz. a±<D^>—)r 

yXii, Ru (C5H4C2H5) 2tcRBofct,C0T'^<. 
Ru (OD) 3-«?»^ia'CHflc<?)Ru (CH3C5HM2. 
Ru (C6H5)2. Ru (C11H19O2) g^rfflV^SJ^ 

THF^Hc, ^^J'y-yK x^'y-zp, i-ro 
1 -rrJ'y— zi', 2-7":5'y— v^x-f/ux-xvu. 

1. 4-i^:^^->ry. r-feh>. >f-;PX^;l^^h 



:(8) 002-231656 ( P 2 0 0 2-0?"ia 



[0040] {mm(^mm2 ) ^mmcommvu. mi 
mi,zmift. Ru (C5H4C2H5) 25:1 5o-a:»i* 

n-7 (MFC) t::J:-oTiHISL^. -f-LT, JSJS^i^ 
MT'SIE;<?';;^.T'S)«.KS (O2 ) ;yxt?I-^L. i^Sft 

$ ixS N 2 ^ N'7 y^/fxco^ t msmncr>kE.^ 
i-mz-tt ^ k izX oTpgL^. #;!r^Ofit|&»{± 

ik-rMFC(cJ:-o-C$iJt»L.TV^§. Be^^co^v^Ru 

[004 11 '>x/N^^^tt>-CJS18IStc!liillfii. Nadf 
■vUTTy^SKaSre 5 0 s c cm, N2>'^'5yX;^rx8SE 
»$:2 50 sccmiOP-h ®?^i:M^sfi:<7) 
«*&3!)«^rV^4^-rb-^'fcJ: r>T4^i^*»»tT'>i>'Nia 
«Sr2 5 0°C*-C#iat;t, #fSvai^vN';l.7'CJ:-oT 
Sf^SrlB^ L , «JKMl^<0E>3 $• 5 T o r r (C:$lJM L 
fc. iS^«»&*^L, |a|l^tC2 0 s c c m<!D 

u-hx-mmcomt^^mi^Lfz, j^Mmi^mn^iz^, 
m^j:Mii>zmmt s tzib . m<^mkmi^»^i,z}t^x h 
•fti-x'hh. mmmi^i^mmzii\rz. 
m.\k.'7t=m}.z-x% tsi^mtts: < , mij<D±^ ^^ti^ 

<?)«*&$rf?ihL;t, N2^-v'jr;<f;^»itS{i, 650s 
ccm, N2^<'^y::K7!fxmAit. 250sccm<!0* 

[00421 ±ie>'-:>->';?.{±, TgPR u^iO^^^ 
T'*> S . R u IScO!Rf1±{i. Be«J5fx«*^4fc N2 

i: izx ^xm^^n^mmmmmm&izm^n, . wf 

ib. ±m'^mM<r>TX^ifhitl,zX'jX^7ffxmikM. 



[00431 laiic^i^-^yxtci 0 s ms-^^m^T 

D SSTSiailS^OTT, ^N' D mSrK^b-r i> C: i: O^: 
V^Tg|5Ru«fii$•J^^•C^S. St^. lJlii<^i^-^^>'X 
{i, Ru (C5H4C2H5) tt'IS-?3t<><50-e*<. Ru 
(OD) 3-^^ia-C'@f!|£C0Ru (CH3C5H,)2, Ru 
(C5H5)2, Ru (CuHigOa) sS-fflt^^tJ^tCO 

v^-ctiHi«(=jgfflprflgT«>s. Jti^L. jj!cflgi^<oxr^« 

[00441 ( m^cTymms ) ^mi^<r>mmx\t. ma 

m^-rt, mmbvxRu (CiHiCtHs) 2^0. i 
m o 1 / 1 <7)iiis-cT H FmmizmmLfzmiJWM^m 

v^fc, JIS««ti. SIJficoJ^SIltc^L/^jlO-C*-l>. 

#iai»fi:i^iaii*i: hizwm^xi:mi^-ri>'£^mt/^$>h, 

±^RumMt:m^-tht:if)<7)/fxmx>'-'iryxim 
3(a) tc^-r3iOt'S>4, 

[00451 •>x^N^^S4'-C'«ll^(c*SjMf*, b-rJ' 
t J; 4 j^mmfX •>x>'\iaS$: 2 9 0'C^T#ia-r 
S. Nj^A'Ur;^;:^.?-! 1 00 seem. 

N2>'N'7i/X*'Xf:2 50 s c c mcOP-hT'ttJ&L. 
$ '^tc:ir«;{fX$: 5 0 s c c m<OU- hX'mtkLfz. m 

5 T o r r izmm Ltl. Wi&fk. 5 s c c mCOU— 

hxmiMm<r>m^i:mitkL. N2^<7y:x.j(fx^mii 

2 50 s e emiOt^T, N2^fA'yr:;yX£7)^-b$- 
6 5 0 s c cmlcMil'-?-tt?t. C:<50i:#, 1 300sc 
cmtCffl3t--I.THF;yx<0«|& (6xlO-2mo 1/ 
mi n) tm^tC^SS^ixS. 
[00461 IiLh<0;yx#A&(cJ:oT. m:f}CO±^^j: 

^^t^m-t^bmmz. #«*&;<fx^ff^ii^*Hc- 

^fc-r ■& C: b a^X'^tz , fiaP^E^Ji. 5 T o r r cO 

tt~^x'S>t, 7 0 nmeoRumt:mmt. mmm 

(r>mt^^W±t. N2=Sr^ U r^XsElS: 1 1 0 0 s c 
emt^Ljt. N2>'N'7>'X;erxgEa{i250sc c 

B!3g;<r*X{i50s ccmOi^— ^fcS, 
®-C-25i-S^^LJt:1^tC. '^xyNjrffiaiL^t. ^s^, ^ 

i^w±tx'<r)mmit 1 2 j^^x'h -> tz , 

[0047] }^=y-^yx\t^ ±a5Rumfii<^^l$ 

m^ii7.%K^-'mizmm-hM.b ^^b tTv^s. 
^mmim(Tmjf^f»m-h:Lbif^^hhtz^. ± 
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[0048] ziiizx 0 , < , ^smtmi>z 

A-r t (c J: -5 T . i^y>jjg:ft«®±tcS?S*^®* t . 

m^<7>mm3X'tmrhXo^z. Rnnm^mk 

t<zT-^'&.WSmA*<rmmiz X^X^^^i:M 0 1^< 

URnn^mzi^mm^mxht. z<7im^. ruh 
m.<mm^mi^o . 5 t o r r j: o izmm:^ 

RnWk^mm-htiihiiz. mMmmki}^hw±t.-c<7> 

mizmmt. yz-:i'izxr>x 4-m*^fxf;j^^mi: 

2 9 0'c*-c#ia-rs. i<:ot#, Nj^rur^yxs- 

llOOsccm, N2>''\7>';^;<f;^$:2 5 0 s c cm 
cOl^-hf^l&L, $^>fcl!lg;<rx?:5 0 s c cmcoi/- 
-hX'fitj&L/^. m^imJ<)Uy'izX'yXm^i:m 
SLT. ^lgi^l*I<0ffi:tlSr5To r rtcMffllt^v:. #ia 

2>'<^:^:^;y:^iiEfi(i2 50sccmtfOSiT', Nz^f-v 
UT;>yx<7)^-h$r6 50sccm(C^^!'-S-»i-7t, ^CO 

1 300s ccmtCfflSf STHF;<fX«oe^*& 
(6X1 O-^mo 1/m i n) i^mmizmtlB^tl^, 
[0050] mL<^:^xmxmizX -oX . EE:fJ<7):k^^ 

^ititfvm-r^tmmiz. «-«i&jyx^jES:a[^-tc- 

t-^X'hh. 3 0nmiORuJ8$:7t«-ra*»{tTg^?Lrt 

<0flfc|&4$r-^<7)^i, Kfg;^x«*&»^ 2 0 0 s c c 
mlizm^L. Nj^-v U r;<fxe^*&Mi& 5 0 0 s c c m 

■C4 0 n m<OR u 2^0*>ftT0B£ U^^fc. 

SiPK^«*&^f?±L, Nz^^'jr^yxgiLfi^ 1100 

sec mtcMLfvi. N2>'N'7>-X;iyXBSa{i2 5 0 s c 
cm, B!*;</"X(i2 0 0 s c c mco^ ^— ^T'ifeS . Z. 



=^—:ryxt,i. ±MRnmm<r>^m^. 

TMii^^^'^t>^X'^o:Lbizji'>X. msm^^th 

3'rtwmmx'^hmkt:i>-y> . 

[005 1] ^tz, iiUKDi^-iryxii. Ru (C5H4 
CjHb) 8(C|®oytfeC0-e^r<. Ru (OD)3^SiaT 
ll|#:c;)Ru (CH3C5H4) 2, Ru (CgHs) 2. Ru 

U"C;<:^y— XrJ'y— ;K 1 -ro/NV— /P, 2- 

yP. 2-7":5'y— i/x^yt-x-xyp. i^M VTor 
yu-x-x/l^, jJ-iS'^'V. •rh5tHoe7>-, 1,4- 
v-'^l-^-^-y. r-fehy, ;^f-/l'Xf-;Uirhyfcj:t^hy> 
x^^:i:'?rfflv^/iJ^{cov^T t ISI^miCjSffl^tgT'ft 

BsaKtcrafca, mmizim-t^tiib. wmi:S^ 
^hm^immm^mfkmz. ^mi&i:ftiffti>m^ 
i£mmm^BE^izmmi'th'^i}^$>&, 
[00521 (mm<Dmm4 > ^mM^cmmTn. 

n&2tz7F:Ltit^^x'hi>. mtii. i^ssrtfc. m 

ii^mnRn (C5H4C2H5) 2*i^«§ixTV>SJ»^S: 
Wc^ffl.. ±geRu«Sic7)m*«±. Ta2 05^i:O 

i^miii!s«r>wt^zx h *j-'^wmmizt:nm-htz 

li^t^hh, /f^mXi^-iryxii. H4 (a) ic^-f 

[0053] ^j^j^^M^'^X'^mmizmmm. ^—^ 

{Zi.r,X A^WJ'^^X'^XJ\WS.^2^ 0°C^X'^&t 
h. dcotS^, N2#A'Ur;<f;^Sr60 0sccm, N2 
^^'7>-X;!r;?.^•2 50sccm^?)^— hr^j&L. 
\.Z^iiX^ 5 0 s c c m<^U- hT'«*&^.|. . t.tc. 

■rS. |5lB#{;K*«*&S^20sccm(CS^-$1i-, N 
2=^^ y r:<fx»Sr 6 3 0 s c c mlc:ti::*:S-lt7t. Nz^n' 
'yyXi}xm,i2S0Bccm<r)iLt.X'hh. W^mk 

Sf4«*^IHif&H?f*tci3 \ ^x . 'm%^%^\.z^\mt£ 

<.K-h<r>^%ts^\ttSi\^, TOnmORuMSrlSM 

a. mii^««*&«r<?±-rs, N2df^yr;5r;^ssui 

$r6 00 s c cmtCpSt, N2>'<9>':^;<fxg£4(i2 
5 0 s c c m, g!^^X{i:5 0 s c c mfcpSL/;:. i 
(mmt2%Wi^\^tJ$Az^ '^x/N^HftaiL^v:. ^ 

r^XysJitCRui^-h'Jl^J^BgtTt^, IS!pffi»& 

ra46*»^f?±tT'mra« 1 23i-raT'S>-?7t . 
[0054] ilBi'-c^-yxti, }L^R\x%Wm^n 
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ix^-r < ^1. . iifi6<^s 1 . ms&comm 2 tz^ t 

^x. mm^^mmx'^i,^mi>m^n-^. 
10 0 5 5] mm<nmm5X'^mthx die. 
m^mtiz^^^nm^'pc^mmiizx -c^wKig^ jr 

x.^'Ym.RyxW^<m^\,zhmmm'^hh. ^<r>% 

m{±«^cO®!^^JE*i 0 . 5 T o r r mTt^^ h i. 

±i: mm\,zT^m^i:,w^-th-m:ii^h h . 

3 0 n m<OR uKS:JB^S;t«6t:. Jl^f*l&^*»i?> 

[0056] i.URM%m:J6m-h^. mvHiizwm. 

iB^r*ffi±{cR u m:Y&m-h:m.h ^m^^h-ttiii^ 
:^m^i^-'!ry:^i:m\>^i>:Lbi:>X'^i, 
1^-^^X5:04 (b) C^-r. '>x^NS:^S4«Tfi!US 

2 5 0''ct-c#ia-ri.. N2^+»;r;ir;:^5r 

eOOsccm. Ni^^^yX/fXi:250 s c cm<r> 
U-hX-mii^L. S(ot:lE«;</"X$r50sccm<5DV— 

L. fiKIKSl*liOjE:»J$:5To r r tC$IJffll . #«af*. 
SiPf«*&S:B3i&-r & . Ri^(C|gSffif&»^ 2 0. s c c m 

lizm:!'-^-^, N2 ^-v y T;<rX4Sr 6 3 0 s c c m{Cti 
■^^■ttz. NiJ<y>X;ffX&ii2 5 0 s c c mCOtt 

■cfcs. mm^&ii. m<^m^i*i^^^izit^xih 

[00 5 7] 3 0nm<ORu|!g^75Ma*»{tT3lrttCl!S 

S14m<JK«L/^f*, N2dfA'Ur;<fxi:N2/N'5>'X;y 
XcOttif&aSr-^Oi * , Kll;yx«*&»2r 2 0 0 s c 

cmi,zm^Ltz, '^^^m±.<rmmM^m:±^< 

mx'4 0nm<r>Rum^2j^mi}^ifxm^Lt^mi>z. m 
m<r>miti»±L, Nj^^' 'jr;<f:^^&4 5 o s c 



cmlzW&Lfz. N2>'N*7y:^;<f;^aS<i2 5 0 s c c 
m. KS;<fX{i200sccm<0i^— ^rfcS. Cct) 

«®-c2t»'iaKaLJt»tc. '^xMS-ffimu/i. ±ib£^ 

m.i^^^ii^x'^o^kf.zX'^x. mmm^ms^ 
[0058] v}±<7)iy—:ryx{zx 0 . mmmt^ii < . 

§:^i^lKtc^^->''S-#i.^v^±g|5R u «fii5rm-C 
*Jt. UUkOv— tJ-yxJi, Ru (C5H4C 

2H5) ,^zm-yfzh<^-c^<. Ru (OD) j^Mia-cE 

filccORu (CH3C5H4) 2. Ru (C5H5) 2. Ru 

fg-cfes. ^!t'L. ^Bim»!fxm^b^ismnzm 
[0059] (^Mioj^s 5 ) :^mm(mmx'iimm<7) 

:tTa5Ru«fig<^^a*&5:l§^-rS. mx.\i. Ru 

(C5H4C2H5) 2SrTHFtci§»L-;tW^*Jf^fflV^ 

T . ms&cr>mm 1 tc^ u^c^t^t-tspr u mm^ son 
mtfon^^^-cjg^-r s . ic^i: # , R u mmmmo 1 0 

n m-^mmjmzm son miO:*:^ § «:i^P3a«cO|g 

SrJROC:*^:V^J:a;y>«.#H^{:aSL, N2#li^4« 

-C'5 0 0"C, 2^ra<^iS3[|^J{yiSrS6^. ::<:0fSi5!li|tc 
io-C. ®9tcS^§ix^J:atcl 0. 5g/cm3c7)?giK 
01 0Tn^$ftl.J:9t=:iBfaS<OT%ffit 
3 0 n m-- 6 0 n m<7D R u Wk^iZ^-^-fh . R 
uK«®t¥ffl{C=5:S. ^nt±. T«fell(^N''Jril, S 
i O2 ) tcfi6??L^V^, JJLh<OS«!M::^T-}K^L^^R 

>^LT^t--l>C:i:*i=5r<S^-CS)S, ^Z^:, RuM* 
T D S U^-cmaiRSWTtcffil^T'^ 

[0060] iieiOTSPmsEi^fKiwiaji, c vo^tc j: 

SjS{^iaKtLh<OtSiX|iS-e$)a{f J; < . H 9 , 0 1 0 , 
01 l<?)Mm*»<o4 0 0X:jJU:-C*S^:i:j&^iLV^. 

ttz. ^wm^\,zmt-rmM^mcthfzih. 

SLl^. TazOstfOi©-^. *g^iag<i6 0 O'Ci^/o 7 
0 O-CT^bS^OT. J|ft«SliaK{47 0 OXlVXTThhZ. 

[0061] ±ie<7)iajl!ia:5^iff35M4{±, Ru ( Cg 

^iCzH^) 2mm.m\izm'>fz^<r)X'M^j:\^. mmnm 

®2tc:^L3tJ:dt:Ru (C8H,C2H5) 2, Ru (O 
D) 3^SiaT-ll#:<0Ru (CH3C6H4)2. Ru (C5 
H5)2, Ru (C,iHi902) 3^i:'coqfrflS;PT-x>>jJ,-(b 
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'^|,z':>\,^xmmm\■^^\>'>Tmi^Lf^%^. thf 
— ;k 2-ro>'"?y— >f y:/f-yi'T;i'3— i- 

100 621 Ru (OD)3J?>Ru (CnHig 

txt. TDsm^x'h-rf>Hzmmi}mtii^ix^. i<x 
[0063] (siite«o}g«6 ) :^mm<7)mmTii. 

1 tfzC V D&T'TgPR u Jg« L . 

»5itfo?g® 3 •csiBB Lfc±ia5R u mm^mm-^Jimi: 
[0 0 64] t-r. mx.ifpm<7)Mm^iyoa:yi}^i^y^ 

{4, fg^lSIl 2i;fifctWil 3. :>'-M?^tJKl4. P 
o 1 y-S i WNfeL<(±Ti N*»^,=5:S>'N'i;r^ 
^'/PJKt, WM(?)«a*>^:5r?.V-mi 5, poly 
-S i ^i:*»^>^Sr7^2 9^if*»<bm§fi.l>. 
COh7>'v''X^'±tC:T i Ni:WiOW®*»^^Sb'.«/ h«g 
165rJg^-r'&. MV^T. h'-x h^igptCCVDStCj; 
xmitiy U 3 1 7 $-Jt« L , -ft^WSfiiSJ^ffitc 

j;-5-r^co^HSr¥a'fb-r-i. (m 2 (a) ) . 

(c, H7-fx>/^:xraKJ:-orSSi!h7yi^';^25'i:# 
(01 2(b)). <J:{cCVDft(c:J:-:> 
f^jhA,tm^Z^ x•y^y^^y^S{Ci-5■r ni^:?'^' h*- 

n^-r^^'iss-m-t^ (01 2(c)). 

;^>N*>/^'yy^^a(;i:o-CT i Ti a l TaN 
^i:*><^^l.vs'>JrMl 9^mt. -fb^fKlWaaiCj: 
oT, /H^cO^iSSi^'J^^-r^r/l 8 

±Sr»Lr^Tl^fl. (013 (a) ) . C:<0±1=:. 
^1 0 0nmgJgcog^[:>-'j3yJK2 0$:CVD^tC 

yT. V . S-ftx 'J 3 ^-IBIcoiSfcrx h 7X h 



(TEOS) ^m^h^hmci^')^^^ 

{^^ni^9^m^SSimm 2lS-2//mJ^figL/c (0 
13(b)). C<0il-ft>'U=i>'Jl2 ItS-rti^'Jn^' 

^20S:, 7*M^i;=;^bSr-7::^:?i;L7tH5-fXy^ 
^-^^Stci-DTSuXt. ^JS^v-Dni^r^^l Sh^-N' 

fiSL/i (013 (c) ) . -e<Of^. XV'^.y^'Uy^^^fc 
J:-:)TRu)K$r2 0nm<;0]KJJt^ifeaL7t. Cic^t^. 
^fflSB^tCti 1 n m - 2 n mcOj^UOR u i'- 2 2 
3!»<JgB!c$il&. l^<O?BJBlTlttHHU^01tC 

^StLl. J: dtCRu (C5H4C2H5) 2/THFI&!8?S 

3 0nmC7)^-CMS14J:<J^^Lyi. ^LT, 
I^i^'X bJl^rffll ^)t<2i-»c7)x .y ^><.y i^Sffitc J: R 

L/C J: ^ N 2 ;yx4'-C 5 0 O'C 2 t 
TTa5Ru«ffi2 3*«^-?-S (014 (a) ) . 

(C, ( T a 2 O5 ) 2 6 Jr-ft^W^fflfigftaCC 

i-oTlOnmSSiOJS^^^Tm-rS. CKOTaaOsffi 
Ta (OC2H5) 5i:02i:SrM«;<f>?.i: tT4 0 0 
'C~4 5 0 °Ci3D|®HT'^-r C t *^:T'^ ^ . -e LT , 
Ta2O5tf0^B^B^l:(^;ti6, T:vStt#H^T'6 5 0°C, 2 

'm<msm^m^tzm,zmm.mmm.x'5^Qi'c. 2 

■r. Ta2O5±tCX>'N--y^"Ji^:/j£T'Ru)1^2 0n 
mc7)MJ?-e*t«ty-C. C:cOi:#. «rta5c0Ta2O5ffi!l 
W,Zl,t 1 n mSKO±gSR u 2 4 S-^T^ 

IISfecO?^®3-CiaHgt)t03 (b) 
iXhi.O^ZKM (CsHjCjHg) 2/THF#f?j!S^S: 
fflV^SCVDv—^ryj^tCi-^-C, ±|[SRu®fii2 5$- 
7 0nm<0]KJp-e*t«-r ^. ^-btC it-fCttSHmtCfc 
V^TJ^m^Xh, iliL<{43 0 0''C-5 0 0'CT1* 
3?ra5rlTVV DRAMO;*^ U-fe/PgPAili^^-ti. (0 

14 (b) , HI 5) , ^iof*, ^'^'y^jvi.mzmc 

mm-h z. b X'D R A M{4^-r -s. . 
[0065] wjcM^ Lfzx 0 tc. ^m^&<^mmiziti 

[00661 ±IBT-mBSU/v:TgPRu«|ii:±a5Ru« 

2, 3. 4, 5-riJiHJL/c:fr^c7)ffi;^-^4?-«*:T'?>ii{f, 
±lfit|iI«c7)!^£toDRAMS:J^«-C'#^. tfi. 
^MMmmtTaiOsm-iZii^ CVDmzi^X (B 
a, Sr ) Ti O3 [EST] r T i O3 S:?^^LT 
t<J:V->. BST<7)J^. JS^fcLTBa (DPM) 
2 [Ba { (CHj) 3CCOCH2COC (C 
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H3) 3} 3 : >'^*U'>Ax'f>'^'o^/^;><:J'y] , Sr (D 
PM)2 [Sr < (CH3)3CCOCH2COC (C 
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